Introduction {#S0001}
============

The main feature of ovarian cancer is metastasis, which is the leading cause of gynecologic cancer death. The tumor microenvironment (TME) has been regarded as a key contributor to the evolution of many cancers, including ovarian cancer.[@CIT0001]--[@CIT0004] Various immune cells including myeloid and lymphoid cells are important constituents in TME. It is also worth noting that tumor-associated macrophages (TAMs) are the most abundant infiltrating immune cells the TME.[@CIT0005] TAMs have a strong environment-dependent plasticity and have been primarily classified into two major phenotypes---M1-like and M2-like macrophages---with opposite functions.[@CIT0006] Most studies indicated TAMs in malignant tumors as M2-like macrophages, which generally promote tumor growth and metastasis.[@CIT0007],[@CIT0008] Currently, it is found that macrophages can be recruited to the carcinoma tissue site through complex mechanisms and are further polarized into the M2-like subtype.[@CIT0009],[@CIT0010] It has been reported that increased levels of CCL2, CSF1 and VEGF-A are correlated with macrophage accumulation in breast, prostate, ovarian and lung tumor sites.[@CIT0011]--[@CIT0013] Once macrophages are recruited to the tumor sites, they can be polarized into M2-like TAMs activated by tumor stroma-derived interleukin-4 (IL-4) or interleukin-13 (IL-13) via the STAT6 signaling pathway.[@CIT0014]--[@CIT0017]

Ovarian cancer is now the leading cause of death in women with gynecologic cancers. Recent studies have indicated that, in ovarian cancers where the protumor role of TAMs is dominant,[@CIT0018]--[@CIT0021] ovarian cancer cells can recruit TAMs to the tumor site by upregulating TGF-β expression.[@CIT0022] Furthermore, ovarian cancer stem-like cells polarize TAMs into M2-like type via the COX-2/PGE2/JAK signaling pathway.[@CIT0023] Those suggest that M2-like macrophages are influenced by the surrounding TME and the dynamic interaction between M2-TAMs and TME, consequently favoring tumor progression and metastasis. Thus, advancing our understanding of the association between M2-TAMs and ovarian cancer cells might help us find a novel target for ovarian cancer therapies.

Collagen triple helix repeat containing 1 (CTHRC1) is an evolutionarily conserved extracellular matrix glycoprotein with a molecular weight of 28-kDa.[@CIT0024] It had been reported that CTHRC1 has important roles in promoting tumor progression in lung, gastrointestinal tract, ovary, breast, and pancreatic cancer.[@CIT0025]--[@CIT0029] Our previous study indicated that CTHRC1 could promote ovarian cancer cells metastasis through the integrinβ3/FAK signaling pathway.[@CIT0029] Recently, CTHRC1 was found to be able to upregulate the number of macrophages via the TGF-β and Notch pathway during wound healing. We previously found that CTHRC1 could promote recruitment and infiltration of M2-like TAMs in endometrial cancer via the integrin-Akt signaling pathway.[@CIT0030] However, little is known about the association between CTHRC1 and TAMs in EOC.

In this study, we aimed to address the relationship between CTHRC1 expression and TAM level in EOC. Additionally, we examined the potential effect of CTHRC1 in M2-like macrophage polarization. Here, we showed that the level of TAM infiltration was correlated with CTHRC1 expression in EOC patients. We also detected that, in the tumor microenvironment, TAMs could be polarized into M2-like TAMs by CTHRC1 secreted from EOC cells through STAT6 signaling pathway activation and in turn, the polarized M2-like TAMs could promote the migration and invasion of ovarian cancer cells. Our findings revealed a novel role for CTHRC1 in activating the polarization of M2-like TAMs in TME and promoting tumor metastasis of EOC indirectly.

Materials and Methods {#S0002}
=====================

Cell Culture and Treatment {#S0002-S2001}
--------------------------

The human epithelial ovarian cancer (EOC) cell lines SKOV3 and HO8910 were purchased from the American Type Culture Collection (Rockville, MD, USA) and the Cell Bank of Chinese Academy of Science (Shanghai, China), respectively. SKOV3 cells were cultured in RPMI-1640 (Gibco, Foster City, CA) and HO8910 cells were maintained in DMEM/High Glucose (Gibco, Foster City, CA) supplemented with 10% fetal bovine serum (FBS, Gibco) and 1% penicillin-streptomycin (Gibco) at 37°C in 5% CO~2~. Peripheral venous blood was aseptically extracted and Ficoll-Hypaque was used for density gradient centrifugation. To acquire peripheral blood mononuclear cells (PBMCs), the buffy coat was aspirated, washed with PBS buffer, and evenly spread into a 6-well plate with 1×10^6^ cells per well. Differentiation of PBMCs into monocyte-derived macrophages (MDMs) was performed according to our previous study.[@CIT0030]

Human Tissue Collection {#S0002-S2002}
-----------------------

Primary human EOC tissues were collected from patients with primary ovarian cancer who underwent surgery in our hospital between 2016 and 2018. No patients received chemotherapy before surgery. Among the 50 primary ovarian cancer patients, 15 patients were affirmed to be FIGO stage I--II, and 35 patients were affirmed to be FIGO stage III--IV. The study was approved by the Institutional Ethics Committee of Ren Ji Hospital of Shanghai Jiao Tong University and was conducted following the ethical guidelines of the Declaration of Helsinki. All patients provided written informed consent prior to surgery.

Cells Transfection and Conditioned Media Concentration {#S0002-S2003}
------------------------------------------------------

The construction of the lentivirus vector (Lenti-CTHRC1 and Lenti-shCTHRC1) and transduction of SKOV3 cells were performed as described previously[@CIT0029] and verified by Western blot. Cells conditioned medium were centrifuged at 2000 *g* for 10 mins to clear cell debris and filtered with a 0.22 mm filter (Millipore). The cell conditioned media were referred to as SKOV3-NC medium, SKOV3-shCTHRC1 medium, SKOV3-CTHRC1 medium, and SKOV3-NC medium. Ultrafiltration tubes (Millipore 10KD 15 mL) were used to centrifuge conditioned media at 4000 *g* for 30 mins for the concentration.

Cell Migration and Invasion Assays {#S0002-S2004}
----------------------------------

Cell migration and invasion were assessed using 24-well plates with 8 μm insert chambers (Corning, USA) transwell culture system. For the migration assay, cells (3×10^4^ SKOV3 or HO8910) in serum-free medium were seeded onto the upper chambers. Six hundred and fifty microliters of conditioned medium of rCTHRC1-treated macrophages with 10% FBS was added into the bottom chambers. To perform the invasion assay, Matrigel (BD Biosciences, USA) was plated in the upper chambers. After incubation at 37°C for 12 hrs, cells (8×10^4^ SKOV3 or HO8910) were seeded in the upper chamber. The conditioned medium was consistent with the migration assay. After 24 hrs, the cells on the bottom face of the insert chamber were stained with 0.1% crystal violet, photographed with LECAI DM 2500 (LECAI, Germany) and counted in five random fields for each sample.

Cell Adhesion Assays {#S0002-S2005}
--------------------

In brief, exponentially growing cells were seeded in 96-well plates coated with vitronectin (Sigma, Germany) and incubated with the conditioned medium of rCTHRC1-treated macrophages for 4 hrs, 8 hrs and 12 hrs, at 37°C. After incubation, the non-adherent cells were removed and the adherent cells were treated with 10 μL/well CCK-8 reagent (Dojindo, Tokyo, Japan) and further incubated for 2 hrs at 37°C, under 5% CO~2~. Absorbance value was then read at 450 nm using Thermo Scientific Varioskan Flash (Thermo Fisher Scientific, USA).

Cell Proliferation Assays {#S0002-S2006}
-------------------------

3.5×10^3^ cells per well were placed into 96-well plates. After incubation with conditioned medium of rCTHRC1-treated macrophages for 24 hrs, 48 hrs and 72 hrs, the medium was replaced with CCK-8 reagent (10 μL/well, Dojindo, Tokyo, Japan) and the cells were further incubated for 2 hrs at 37°C, under 5% CO2. Absorbance at 450 nm was measured with Thermo Scientific Varioskan Flash (Thermo Fisher Scientific, USA).

Western Blot {#S0002-S2007}
------------

Lysis buffer composed with RIPA, 1% phenylmethanesulfonyl fluoride and 1% phosphatase inhibitor were used to obtain the total protein and the protein concentration was detected by the BCA protein assay kit. Ten percent SDS-PAGE was used for protein separation, followed by transfer onto PVDF membranes. Five percent BSA was used to block the membranes for 1 hr, and then incubated with the appropriate primary antibodies overnight, at 4ºC. Antibodies used in this study included CD163 (1:1000, Abcam, Cambridge, UK), CD206 (1:1000, Santa, USA), STAT6 (1:1000, Proteintech, Chicago USA), p-STAT6 (1:1000, CST, Boston, USA) and β-catenin (1:1000, Proteintech, Chicago, USA).

Immunohistochemistry (IHC) {#S0002-S2008}
--------------------------

A total of 50 paraffin-embedded human EOC tissues were assessed IHC staining. CTHRC1, CD68 and CD163 expression were measured with antibody-CTHRC1 (1:200, Proteintech Group, Chicago IL, USA), antibody-CD68 (1:200, Abcam, Cambridge, UK), antibody-CD163 (1:200, Abcam, Cambridge, UK) and antibody-pstat6 (1:500, Abcam, Cambridge, UK).The experimental steps followed standard procedures and score criteria were the same as in our previous study.[@CIT0030]

Flow Cytometry Analysis {#S0002-S2009}
-----------------------

The cells were routinely resuspended in FACS staining buffer (BD Biosciences, NJ, USA) and stained with CD68 antibody (clone Y1/82A, BD Biosciences, NJ, USA), CD163 antibody (clone GHI/61, BD Biosciences, NJ, USA) or CD206 antibody (clone 19.2, BD Biosciences, NJ, USA) on ice for 30 min. The cells were further washed via centrifugation and resuspended in FACS buffer. Flow cytometry was conducted using an LSRII cytometer (BD Biosciences, NJ, USA). At least 20,000 events were acquired per sample and data were analyzed using BD FACSDIVA v6.1.3 software. Debris and dead cells were gated out using forward and side light scatter.

Statistical Analysis {#S0002-S2010}
--------------------

All experiments were performed in triplicate. The data were presented as mean ± standard deviation (SD). Unpaired Student's *t*-test was performed for comparison between the two groups. The Chi-square test was performed to account for clinicopathological characteristics. All analyses were performed using the SPSS17.0 software (SPSS Inc., Chicago, IL, USA). Value of P\<0.05 was considered statistically significant.

Results {#S0003}
=======

CTHRC1 High Expression and High Density of CD68^+^CD163^+^TAMs are Associated with Advanced-Stage EOC {#S0003-S2001}
-----------------------------------------------------------------------------------------------------

Our former study has demonstrated that the CTHRC1 overexpression in EOC tissues was strongly related to advanced FIGO clinical stage, which predicts a poor prognosis of ovarian cancer.[@CIT0029] Several studies have shown that the EOC microenvironment plays an important role during tumor development and that TAMs are the main immunosuppressive cells that accelerate tumor growth.[@CIT0031]--[@CIT0033]

In this study, we not only found that protein levels of CTHRC1 had a positive correlation with clinical stage (FIGO III--IV) of EOC (P=0.002, [Table 1](#T0001){ref-type="table"}) but also demonstrated that there was a significant relationship between CD68^+^CD163^+^ TAM density and FIGO stage of EOC (P=0.0033, [Table 2](#T0002){ref-type="table"}). In 50 human EOC samples, we found that 91.4% (32 out of 35) of EOC in stage III--IV showed moderate to strong CTHRC1 staining in cell membrane and cytoplasm and that 60% (9 out of 15) of EOC in stage I--II showed weak staining ([Table 1](#T0001){ref-type="table"}, [Figure 1A](#F0001){ref-type="fig"}). Consistent with our previous report, there is no association between CTHRC1 expression and patient age and tumor histologic grade. At the same time, we assessed the infiltration of CD68^+^ and CD163^+^ (M2-specific markers) TAMs in EOC. Of the 35 advanced stage (FIGO III--IV) cases, 29 (83%) showed high CD68^+^ TAM infiltration density and 25 (71.4%) showed high CD163^+^ TAM infiltration density, whereas in early stage cases (FIGO I--II), 6 (40%) showed high CD68^+^ TAM infiltration density and for the CD163^+^ TAMs and 4 (26.7%) showed high concentration ([Table 2](#T0002){ref-type="table"}). Our data showed that high CD68^+^ and CD163^+^ TAM density tend to be associated with advanced FIGO stage (III--IV) of patients with EOC. Moreover, our results revealed that high CTHRC1 expression indicated high CD68^+^ (26/35, 74.3%) and CD163^+^ (29/35, 82.9%) TAM infiltration, while the infiltration density of CD68+/CD163+ TAMs was significantly lower in tissue samples with low CTHRC1 expression ([Table 3](#T0003){ref-type="table"}). High CTHRC1 expression had a positive correlation with the high density of CD68^+^ TAMs and CD163^+^ TAMs (CD68 r=0.5723, CD163 r=0.7886, [Figure 1B](#F0001){ref-type="fig"}). Our findings indicated that CTHRC1 affected the differentiation of macrophages in EOC tissue.Table 1Correlations Between CTHRC1 Expression Levels in Ovarian Cancer and Clinical FeaturesClinical FactorsCase No.CTHRC1 ExpressionPLowHighAge (years) \<5610460.2670 ≥5640733Histological grade I--II12750.0140 III--IV38830FIGO stage I--II15960.0020 III--IV35332Lymph node metastasis Yes266200.0110 No241410Distant metastasis Yes3510250.0359 No1596 Table 2Correlation Between Clinical Features and Infiltration Density of CD68^+^CD163^+^ TAMs in Ovarian CancerClinical FactorsCase No.CD68 ExpressionPCD163 ExpressionPLowHighLowHighHistological grade I--II12750.0412840.0189 III--IV3810281127FIGO stage I--II15960.00241140.0033 III--IV356291025Lymph node metastasis Yes266200.01107190.0113 No241410159Distant metastasis Yes358270.034310250.0359 No158796 Table 3Correlations Between CTHRC1, CD68^+^ and CD163^+^ TAMs Expression LevelsCase No.CD68 Positive CellsPCD163 Positive CellsPLowHighLowHighCTHRC1 expressionLow1510 (66.7%)5 (33.3%)0.01058 (53.3%)7 (46.7%)0.0155High359 (25.7%)26 (74.3%)6(17.1%)29(82.9%) Figure 1CTHRC1 is highly expressed in EOC and positively correlated with tumor stages and M2-like TAM infiltration. (**A**) Relative protein expression of CTHRC1, CD68, and CD163 in tumor tissue of ovarian cancer patients was detected by immunohistochemistry. (**B** and **C**) CTHRC1 expression score was correlated with CD68^+^ CD163^+^ and cell density in ovarian cancer tissue.

CTHRC1 Polarized M2-Like Macrophages Through the STAT6 Signaling Pathway {#S0003-S2002}
------------------------------------------------------------------------

Multiple studies have suggested that M2-like polarized TAMs play an important role in solid tumor progression and metastasis.[@CIT0010],[@CIT0018],[@CIT0030],[@CIT0034],[@CIT0035] We investigated if CTHRC1 expression may promote macrophage polarization into an M2-like phenotype. We evaluated the expression levels of CD206 and CD163, M2 phenotype markers, on human macrophages derived from peripheral blood after treatment of rCTHRC1. Human peripheral blood mononuclear cells (PBMCs) were harvested and cultured with 50 ng/mL M-CSF for 7 days until differentiated into macrophages, as previously described.[@CIT0030] As shown in [Figure 2A](#F0002){ref-type="fig"}, after the treatment of M-CSF, the morphological characteristics of macrophages were observed under a microscope. Besides, the flow cytometry assay showed that the expression of CD68, a cell surface marker for macrophages, was higher in PBMC-derived macrophages (\*P\<0.05). Because the CTHRC1 is a secreted protein, we first analyzed the functional role of recombinant CTHRC1 (rCTHRC1) on M2-like macrophage polarization in vitro. We found that the expression of classical M2 phenotype markers (CD206 and CD163) had been significantly increased by rCTHRC1 in a dose-dependent manner ([Figure 2B](#F0002){ref-type="fig"}), suggesting that CTHRC1 could be involved in M2-like polarization of macrophages. Furthermore, flow cytometry analysis showed that 5 nM rCTHRC1 treatment increased CD206 and CD163 expression in macrophages ([Figure 2B](#F0002){ref-type="fig"}, \*P\<0.05). Next, we investigated the crosstalk between EOC cells and macrophages in a co-culture system. Stable CTHRC1 knockdown (SKOV3-siCTHRC1) and CTHRC1 over-expression (SKOV3-CTHRC1) cells were established as previously described.[@CIT0029] Similar to the treatment of rCTHRC1 (5 nM), the addition of culture supernatants of SKOV3-CTHRC1 cells increased CD206 and CD163 expression in PBMC-derived macrophages ([Figure 2C](#F0002){ref-type="fig"}, \*P\<0.05, \*\*P\<0.001, \*\*\*P\<0.0001). However, the expression of CD206 and CD163 in macrophages was reduced after co-culture with supernatants of SKOV3-siCTHRC1 cells. These results supported our hypothesis that CTHRC1 expression in ovarian cancer promotes M2-like macrophage polarization.Figure 2rCTHRC1 and the supernatants of SKOV3-CTHRC1 cells induced M2-like polarization of macrophages via the STAT6 signaling pathway. (**A**) The images of PBMCs and macrophages were photographed using microscopy and CD68 expression in PBMCs and macrophages were detected using flow cytometry. (**B**) CD206 and CD163 protein expression in macrophages treated with various concentrations of rCTHRC1 were measured by Western blot (left) and the macrophage markers CD68 and CD163 were detected with flow cytometry (right). (**C**) CD206 and CD163 protein expression in macrophages treated with 5 nM rCTHRC1 and culture supernatants of SKOV3 cells were measured with Western blot. (**D**) STAT6, pSTAT6 and β-catenin protein expression in macrophages treated with 5 nM rCTHRC1 and culture supernatants of SKOV3 cells were detected with Western blot. (**E**) Representative IHC images for levels of phosphorylated STAT6 increased as the EOC progressed (FIGO I--IV). Statistical analysis revealed a strong correlation between CTHRC1 and phosphorylated STAT6 co-expression (r=0.7037) (\*P\<0.05, \*\*P\<0.001, \*\*\*P\<0.0001).

Next, we explored the underlying mechanism involved in macrophage polarization by CTHRC1. It has been reported that Wnt/β-catenin/STAT6 signaling can activate the differentiation of human monocytes into macrophages[@CIT0036]--[@CIT0038] and CTHRC1 promotes tumor invasion and metastasis in ovarian cancer[@CIT0039] and gastrointestinal stromal tumors[@CIT0040] by activating the Wnt/β-catenin pathway. We wondered whether CTHRC1 could activate Wnt/β-catenin signaling in macrophage polarization at the same time in EOC. We found that after co-culture with 5 nM rCTHRC1, both β-catenin expression and phosphorylation of STAT6 were significantly upregulated in macrophages compared with control, determined by Western blot ([Figure 2D](#F0002){ref-type="fig"}, \*P\<0.05, \*\*P\<0.001, \*\*\*P\<0.0001). Following treatment of culture supernatants of SKOV3-CTHRC1 cells, both β-catenin expression and STAT6 phosphorylation levels increased dramatically in macrophages and decreased when treated with SKOV3-siCTHRC1 cell supernatant ([Figure 2D](#F0002){ref-type="fig"}, \*P\<0.05, \*\*P\<0.001, \*\*\*P\<0.0001). In order to relate our in vitro findings to actual human patient tumor specimens, we investigated the levels of phosphorylated STAT6 by immunohistochemistry in tissue samples of ovarian cancer patients. We found that among the 35 advanced stage (FIGO III--IV) cases, 26 (74%) showed high phosphorylation of STAT6 while in 15 early-stage(FIGO I--II) cases, 5 (33%) showed high phosphorylation of STAT6. Our results suggested that the levels of phosphorylated STAT6 were higher in the advanced FIGO stage (FIGO III--IV) and the over-expression of CTHRC1 in EOC was strongly correlated with the phosphorylation of STAT6 (r=0.7037, [Figure 2E](#F0002){ref-type="fig"}). Taken together, our results preliminarily suggested that overexpression of CTHRC1 promotes M2-like macrophage polarization via the β-catenin/STAT6 signaling pathway.

Polarized Macrophages Promote Ovarian Cancer Cell Migration and Invasion {#S0003-S2003}
------------------------------------------------------------------------

There is growing evidence[@CIT0030]--[@CIT0034] suggesting that M2-like macrophages are involved in tumor progression. To explore the effects of rCTHRC1-initiated M2-like macrophages on ovarian cancer cells, we assessed the proliferation, migration, invasion and adhesion in SKOV3 and HO8910 ovarian cancer cells after incubation with the conditioned medium of polarized M2-like macrophages. We found that, after treatment of rCTHRC1, the conditioned medium of macrophages increased migration and invasion abilities of SKOV3 and HO8910 cells significantly when compared to the control ([Figure 3A](#F0003){ref-type="fig"} and B, \*P\<0.05, \*\*\*P\<0.0001). However, rCTHRC1-treated macrophages have no effect on their proliferation and adhesion abilities (P\>0.05, P\>0.05, [Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). Our results indicated that CTHRC1-initiated M2-like macrophages promoted EOC cell migration and metastasis.Figure 3Polarized macrophages promote ovarian cancer cell migration and invasion. (**A** and **B**) SKOV3 and HO8910 cells migration and invasion activities were significantly increased by conditioned medium of rCTHRC1-treated macrophages. (**C** and **D**) rCTHRC1-treated macrophages have no effect on proliferation and adhesion of EOC cells (\*P\<0.05, \*\*\*P\<0.0001).

Discussion {#S0004}
==========

Recently, CTHRC1 has been recognized as a positive regulator of cancer growth, invasion, metastasis and angiogenesis in many kinds of cancer, including hepatocellular carcinoma, colorectal cancer, lung cancer and gynecologic cancers.[@CIT0009],[@CIT0029],[@CIT0030],[@CIT0035],[@CIT0041] We also found that CTHRC1 could promoted endometrial cancer myometrial invasion by recruiting M2-like TAMs.[@CIT0030] In the present study, we showed for the first time that number of M2-type TAMs in clinical ovarian cancer tumor tissues was positively correlated with CTHRC1 expression. This prompted us to investigate whether CTHRC1 can mediate macrophage polarization. In cancers, TAM recruitment and polarization play an important role in regulating tumor growth and invasion.[@CIT0008]--[@CIT0010],[@CIT0017],[@CIT0036] In ovarian cancer, it was reported that M2-polarized TAMs induced the stemness characteristics of SKOV3 cell via the IL8/STAT3 signaling pathway.[@CIT0042] M2-polarized TAMs also induced metastasis of ovarian cancer through activated toll-like receptors pathway.[@CIT0020] Furthermore, macrophages-derived exosomes elicited a chemoresistant phenotype in ovarian cancer cells.[@CIT0043] TAMs need to be polarized into M2-like subtype to play a role in promoting tumor progression. In tumor tissues, macrophage polarization is regulated by various tumor microenvironmental signals derived from tumor cells.[@CIT0030],[@CIT0042]--[@CIT0044] The polarization of TAMs is mainly mediated by the JAK/STAT, PI3K/Akt and Wnt/β-catenin signaling pathways. In pancreatic ductal adenocarcinoma, macrophages could be polarized into M2 phenotype through activated JAK/STAT3 signaling pathway.[@CIT0045] Lu et al reported that in animal models of emphysema, polarization of M2 macrophages could be regulated via the PI3K/AKT pathway.[@CIT0046] It is well documented that in hepatocellular carcinoma cells, the canonical Wnt/β-catenin signaling pathway was activated in M2-polarized macrophages.[@CIT0036] Deng et al reported that ovarian cancer stem cells (OCSCs) induced the M2-like macrophages through the PPARγ and NF-κB pathways;[@CIT0047] however, another researcher discovered that ovarian cancer stem cells elicited macrophages polarization via the COX/PGE2/JAK signaling pathway in a co-culture system of OCSCs and macrophages.[@CIT0023] In this study we found that both rCTHRC1 and overexpression of CTHRC1 in ovarian cancer cells induced the M2 polarization in vivo. Furthermore, we demonstrated that M2-type macrophages polarized by CTHRC1 promoted the migration and invasion of ovarian cancer cells in vivo.

In tumor microenvironment, tumor cell-derived molecules could promote M2 phenotype TAM polarization. The signal transducer and activator of transcription (STAT) protein family has been recognized as a potential activator in promotion of M2 macrophages.[@CIT0045],[@CIT0048]-[@CIT0050] Studies have shown that STAT6 (a critical member of the STAT family) was potentially involved in regulating the M2 phenotypic macrophage activation.[@CIT0051] As studies have shown that after treatment with a glycoprotein, the M2-like surface markers of macrophages, including CD206, CD163 and IL-10 were upregulated while M1-like surface markers were downregulated in a STAT3 and STAT6-dependent.[@CIT0050] Of interest, Cosin-Roger et al have reported that a STAT6-dependent macrophage phenotype mediated mucosal repair by activating the Wnt signaling pathway.[@CIT0051] Previous studies have reported that β-catenin as a transcription was highly expressed in the EOC and STAT6 was identified as the downstream molecule of the Wnt/β-catenin signaling pathway.[@CIT0052],[@CIT0053] In this study, we found that STAT6 phosphorylation was upregulated after treatment with rCTHRC1 in M2-like macrophages, suggesting there appears to be a correlation between CTHRC1 over-expression and STAT6 phosphorylation. To determine whether CTHRC1 regulates STAT6 activation in EOC, we analyze the levels of phosphorylated STAT6 in EOC tissue samples. Our results showed that phosphorylated STAT6 was highly expressed in the advanced stage (FIGO III--IV) and statistical analysis revealed a strong correlation between CTHRC1 and phosphorylated STAT6 expression in EOC. Therefore, we concluded that CTHRC1 promoted macrophages towards M2-like TAMs via the STAT6 signaling pathway.

Conclusions {#S0005}
===========

In summary, our study reports a novel role for CTHRC1 in promoting M2-TAM polarization and inducing ovarian cancer metastasis. We demonstrated that CTHRC1 activated M2-TAM polarization by activating STAT6 phosphorylation. These findings suggest that further understanding of the molecular mechanisms in the regulation of macrophage polarization might provide a new target for the therapy of ovarian cancer.
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